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INTRODUCTION 
CHAPTER - 1 
INTRODUCTION 
Amony ornamental plants, flowers occupy a key 
position. Flowers are symbolic of beauty, love and 
tranquility. They form the soul of a garden and convey the 
message of nature to man. In our country, the flowers are 
sanctified and are commonly used in worship in temples. We 
are intimately associated with flowers and in all festive 
occasions and in marriacjes and religious ceremonies and 
social functions the use of flowers and garlands has become 
almost essential. The flowers also adorn the hair of women. 
Besides their aesthetic value the flov/ers are also 
important for their economic uses, such as for cut blooms 
and for extraction of perfumes and other products. It is 
estimated that about 3000 hectares (10,000 acres) are gro\/n 
under flowers for commercial purposes. Marigold, jasmine, 
rose, crossandra and small flowered chrysanthemum are 
commonly used for cut flowers, particularly in Houth India. 
The trade of perfumes is already established and some 
flowers like rose and jasmine are commonly used for 
extraction of perfume. The perfume industry flourished 
during the Mughal days. In India the fragrance of flov/ers 
is much prized and many are connosseurs of perfumes. 
Besides the seed and nursery business is also important and 
it is a source of income to many for their living. It may 
be mentioned that there is also an export of ornamental 
plants, seeds and bulbs every year. 
Viruses have a significant importance among the 
plant pathogens because of their persistance in the plants 
and the absence of therapeutic measures against them. 
Furthermore they are carried into the progenies of the 
vegotatively grown ornamental plants. 
Viruses infecting ornamental plants have not only 
attracted the attention of man because they reduce the 
oconomic trade of floriculture by causing severe losses, 
reduction of grov/th, number and size of flowers and the 
aesthetic quality if foliage and flowers of infected 
plants, but also because the infected ornamentals serve as 
reservoirs of inoculum for the economically important 
plants. Viruses thus are a potent threat and limiting 
factors in cultivation of ornamentals and other 
economically important plants. 
Many ornamental plants are affected by some of the 
samo viruses that affect crop plants (eg. tobacco mosaic, 
tomato ringspbt and cucumber mosaic viruses) and develop 
symptoms that may be similar to or quite different from 
those produced in crop plants infected with these 
viruses. Some viruses become specific to a particular genus 
or family of ornamental plants. Viruses infecting the 
ornamentals are world-wide in distribution, however, some 
are restricted to a particular region. Viruses are 
transmitted to ornamental plants by aphids, nematodes. 
whiteflies and by contact or through sap. Carnation etched 
ring (Smookler & Loebenstein, 1974), carnation vein mottle 
(Kassanis, 1955), Dahlia mosaic (Brierly & Smith, 1950; 
Brunt, 1971), Iris ml l<i mr ^ - (LoebensT ii. -
Narcissus yellow stripe (Macove & Docea, 1979) viruses arc 
examples of aphid transmitted viruses in ornamental plants. 
Brome mosaic, Arabis mosaic (Fritzsche, 1975 and Fritzsche 
& Schmidt, 1963) and Abutilon mosaic are examples of 
nematode and whitefly transmitted viruses respectively. A 
large number of viruses are sap transmissible to ornamental 
plants or get transmitted by contact e.g. Cactus virus X 
(Brandes and Bercks, 1963; Attathom et^  aj^. 1978 and Fudl 
Allah et_ aj^. 1938), Carnation mottle virus (Smookler & 
Loebenstein, 1974), Cymbidium mosaic virus (Jonson, D.D. 
1951), Odontoglossum ringspot virus (Jensen & Gold, 1951), 
Pelargonium leaf curl virus (Vovlas & Grigoriu, 1977) and 
Peony ringspot and Hydrangea ringspot viruses (Smith, 1972) 
got transmitted by pruning knife. 
Dahlia is very attractive ornamental because of 
their astounding range of vivid and exotic hues. Dahlia was 
named in honour of the Swedish botanist. Dr. Andreas Dahl, 
a pupil of Linnaeus. It is a native of Mexico from where it 
was first introduced into Madrid (Spain) in 1789 and later 
from Spain it went to England in 1798 and to other European 
countries. In Mexico, the tubers are eaten locally. They 
contain inulin, and are used to make food preparations for 
diabetic patients. 
The modern varieties ^f Dahlia have berri —ic^f^r^ --
a result t^ . crossiny bf .c:o-\ diiteif^.t s^ .^ -; 
varieties, chiefly D. imperialist D. coccinia, D.jaurezii/ 
and D. merchii. Most of the new varieties are evolved by 
crossing and selection between different varieties and 
chance mutation in nature. 
The height of plants varies from 30.5 cm. to 150 or 
180 cm. depending upon the varieties. The leaves are 
rounded with slightly serrated margin and produced opposite 
at each node on the stem. The different varieties of Dahlia 
are as - single flowered dahlias. Star dahlias. Anemone 
flowered dahlias, Collarette dahlias, Paeony-flowered 
dahlias. Decorative dahlias. Double show and Fancy dahlias, 
Pompan dahlias, cactus dahlias. Miscellaneous dahlias & 
Dwarf bedding dahlias. 
Dahlia is suitable for cut flowers, pots, beds and 
annual and mixed borders, it can also be grown in a 
shrubbery especailly in the newly planted one to fill in 
the space and provide colour. 
The plants are propagated from tubers, terminal 
stem cuttings & seeds. 
The varieties do not breed true when propagated 
from seeds. However, the dwarf bedding single dahlias are 
usually grown from seeds. The seeds are sown in September-
October on the northern plains, in May and September in 
Banglore and other adjoining areas and in March-April on 
the hills. The seedlings are transplanted into beds or pots 
after about a month of sowing. 
Tubers are planted in the end of June on the 
northern plains and in March-April on the northern hills. 
The tubers can be cut from the stem with a sharp knife or 
razor blade ensuring that each tuber has atleast one "eye" 
to produce the new shoot. The eyes on the tubers are 
towards the crown end or the stem end. The tubers are 
planted about 15.2 cm deep and 90, 75 and 45 cm. apart in 
tall, medium and dwarf (bedding) types respectively. A 
tuber will sprout in July with the onset of the monsoon. 
The plants raised from tubers start flowering in November-
December on the northern plains while in Banglore and other 
adjoining areas they flower during July - August when 
planted in May. 
After the tubers have sprouted and young shoots 
coming out from the crown end have attained a height of 
10.2-15.2 cm,' small terminal stem cuttings can be taken to 
raise new plants. They can be taken periodically from July 
to September from the same tuber as new shoots appear later 
after the cutting have been taken. The plants raised from 
cuttings usually flower about 2 to 4 weeks later than those 
grown from tubers. 
Dahlias need frequent and heavy watering instead of 
very frequent and light sprinkling. Water logging is 
harmful to plants. 
Generally, there is no need to apply organic manure 
later once it has been incorporated into the soil at the 
time of preparation of beds before planting. Often a light 
to dressing of leaf mould or cowdung manure will be 
beneficial to plants. In poor soils a top dressing of 
complete fertilizers may be useful. 
The young shoots must be tied with soft sting to 
the bamboo stakes inserted near the base of the plants. The 
ties should be fixed loosely to allow the stems to increase 
in size. 
The common diseases on dahlia are the mosaic virus 
disease and mildew. The virus affected plants should be 
removed and destroyed immediately and always use virus free 
tubers or cuttings. Dusting of sulphur helps to control the 
miIdew. 
REVIEW OF LITERATURE 
CHAPTER -2 
REVIEW OF LITERATURE 
In the study of the literature of the viruses 
t 
reported on dahlia, it has been found that not many viruses 
are reported on it but dahlia has been used as a host for 
many viruses e.g., Lawson and Milbrath (1964) reported a 
ringspot virus from dahlia. In their studies they reported 
that the virus which has similar properties to those of 
tobacco ringspot, caused chlorotic banding on the midvein 
of young leaves and chlorotic mottle of older leaves of the 
dahlia var. Cay. 
Pop (1964) in his principal viruses in plants in 
Romania described 79 virus deseases with reference to their 
economic significance, most important are those of potato, 
tobacco, vegetables, leguminosae, sugarbeet, Gramineae, and 
fruit trees. Records include the mosaic viruses of lettuce 
and dahlia. 
Lawson (1964) described isolation and identification 
of dahlia viruses. Of 4 viruses isolated from dahlia, one 
possessed similar properties of dahlia mosaic virus and the 
Ilnd resembled tomato spotted wilt virus. A 3rd isolate 
showed a serological relationship to cucumber mosaic virus. 
8 
Virus 4 induced symptoms on several hosts, and had thermal 
inactivation properties similar to tomato ringspot but 
lacked a major antigenic component associated with the 
latter. It is concluded that diagnosis of specific viruses 
in dahlia is complicated by the variation in symptoms 
resulting from infection by the single virus. 
Morel (1965) in his studies of regeneration of virus 
infected varieties by culture of apical meristem discussed 
the structure of apical meristem and technique for 
culturing them with reference of the result obtained with 
dahlia, Potato, carnatin, straw berry and orchid plants. In 
view of the difficulty of proliferating very small 
fragments in vitro. He also suggested some modifications of 
this method combining themotherapy v/ith the removal of 
larger pieces of infected tissues. 
Lawson and Taconis (1965) in their studies on 
transfer of dahlia mosaic virus with liquid nitrogen and 
relation of transfer to symptoms and inclusions obtained a 
high percentage of infection at Ore. Sta. Univ. Corvallis, 
when Verbesina host plants were inoculated with a ground 
preparation of leaves from mosaic infected dahlias frozen 
in liquid nitrogen. 
Brunt (1966) found a serological relationship 
between dahlia mosaic virus and cauliflower mosaic virus. 
Goidanich, Canora and Tacconi (1966) described a previously 
undescribed virus that causes plant tumors. They showed 
that a virus with strong neoplastic properties is conunon in 
the roots of strawberries, producing mosaic, malformation 
and reduced development of leaf blade in the Emilian region 
of Italy and has also been found on dahlia, Clivia and 
Amaryllis. It is mechanically transmissible to a number of 
hosts in which, with the exception of Phaseolus vulgaris it 
remains latent. They described symptoms including tumor 
formation on the latter. The virus is inactivated at 
60-66°C does not persist on iji vitro and is soil 
transmissible. 
Lawson (1966) in his oakleaf chlorosis symptomatic 
of cucumber mosaic virus infection in dahlia found that a 
plant of the dahlia var. Helen Anita with mild mottle, 
vein, yellowing and some oakleaf patterning yielded an 
isolate which related with : the antiserum of the common 
strain of cucumber mosaic and tomato spotted wilt 
viruses can cause oakleaf symptom in dahlia. 
Brunt (1969) studied tobacco streak virus in 
dahlias, v/hich was newly recorded in Britain. He isolated 
this virus fron 5 dahlia Cvs. of which 3 were symptomless 
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the other two having conspicuous chlorotic vein banding and 
mosaic leaf symptoms. He also described its isolation 
characteristic and reactions of test plants. 
Petzold (1969) examined the plants infected by 
dahlia mosaic virus with electron microscope and found that 
in the sections of palisade tissue of Sanvitalia 
procumbens, Zinnia eleqans, Verbesina encelioides and 
Dahlia plant infected by means of Myzus persicae. The cells 
contained inclusion bodies in the ground substance and 
lacunae of which were isometric virus particles (50 nm). 
The number of these apparently being connected with 
developmental stage of the inclusions. He also showed that 
these inclusions may be the result of accumulation of 
ribosomes, fused with neighbouring aggregates and 
accompanied by Golgi elements. After the ground substance 
charged from a granulated to a fibrillose state of first 
virus particle emerged. 
Asjes (1969) studied the effect of aluminium strips 
on the spread of two aphid borne viruses in dahlia and 
found that the effect of reflective Al. foil on the spread 
of dahlia mosaic virus and cucumber mosaic virus was not 
satisfactory. 
Singh (1970) in his st'odies on the inhibitory 
11 
activity of some plant juices on the inefectivity of 
watermelon mosaic virus found that the sap from healthy 
plants of 16 spp. reduced NMV infection. Crude sap of 
Chenopodium album# C. amaranticolor» Dahlia rosea and 
spinach being 100% inhibitory. He also showed that the 
effect was reduced 50-80% by dilution to 1/1000 and 
partially or completely destroyed by heating at 100"»C for 
10 min. Transmission of V?MV was prevented by spraying host 
with sap, the effect ^persisting upto 7.0 days after 
spraying. 
Kitajima e^. a^ .. (1970) studied fine structure of 
Zinnia leaf tissues infected with dahlia mosaic virus and 
revealed that the Whitman Lab Univ. Chicago 111. Light 
microscopic studies showed spherical refractile inclusions 
in the Zinnia leaf tissues infected with DMV which stained 
intensely for protein and weakly for RNA. Election 
microscopy revealed that the inclusions consisted of a 
finely granular matrix with electron transparent areas, had 
no membrane , and were 0.2 - 1.0 diam. Spherical particles 
400 - 450 A° diam. usually ring like in profile, occurred 
in the inclusions and occasionally freely in the cytoplasm, 
plasmadesmata, sieve tubes and tracheal elements. These are 
considered to be DMV particles. The proximity of the 
dictyosomes to the inclusions indicated that the Golgi 
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complex is involved in the formation of the DMV induced 
inclusions. 
Vlasov e_t. aj^. (1970) in their study of tomato 
spotted wilt virus in the coastal black sea zone and its 
control gave notes on symptoms and host of tomato virus 3 
TSVA/. They also detected this virus in Dahlia sp. and 
Datura stramonium in addition to tomato. Sap from infected 
dahlia infected petunia, wild tobacco, tomato and 
N.qlutinosa. The early tomato vara, were less infected than 
late varieties. Isolation of tomato fields from onion is an 
important preventive measures. 
Brunt (1971) gave some hosts and properties of 
dahlia mosaic virus. He showed that only dahlias were found 
naturally infected but DMV infected 25 of 85 plants tested 
from 4 of 18 families. The host range included 14 
Solanaceae, Amaranthaceae and Chenopodiaceae and 11 of 29 
compositae. The best assay diagnositc and source plant was 
Verbesina encelioides. Ovoid Intercellular inclusion bodies 
2.5 - 10 m. diam. consisting of granular vaccuolated matrix 
containing numerous virus particles were present in 
systemically infected hosts. 
Sap from infected V. encelioides was infective after 
dilution to 1/2000 but no 1/3000, after heating for 10 min. 
to 70°C but not 80°C and after 4 days at 18*0 or 32 days at 
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2°C. Sap from infected Dahlia, Zinnia or Ageratum 
houstonianum lost infectivity rapidly although some 
purified preparations remained infective for 3 years at 
2°C. Purified preparations of DMV obtained from V. 
encelioides by differential centrifugation were infective 
at dillutions of 1/5000 probably contained DNA and had a 
single sedimenting component with coefficient of 254S and 
isometric particles C. 50 nm diam. Serologically closely 
related to cauliflower mosaic virus and together v/ith the 
virus of carnation form a small homogeneous group of aphid 
borne viruses. The cryptogram of DMV is D/**/(16):S/S:S/Ap. 
These informations given by Brunt confirmed by Gibbs, 
Harrison and Murant (1972). 
Dahlia mosaic virus and potato virus X on dahlias, 
cucumber mosaic on Dahlia, Gladiolus, Delphinium and 
Primula, narcissus mosaic virus on Narcissus, potato virus 
on pettunia and tulip breaking virus on tulip wore among 
the viruses caused diseases in ornamental plants in 
Lithunnia identified by Makutenaite (1972). 
Tomato spotted wilt virus was detected from a dahlia 
plant of CV Envy with obscure yellow spot on the leaves 
imported from USA 1965 by Suetsugu (1972) previously 
unrecorded in Japan. 
Tomato spotted wilt virus was also isolated from 
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dahlia var« Kamyo showing severe chlorotic and necrotic 
ring spot. The first record in Japan by Inouye and Inouye 
except for an isolate from an imported rl»thlia in quarantine. 
They showed that the virus infected 31 plant spp. (8 
families including tomato, tobacco, petunia and dahlia, of 
tho 44 spp (14 families) tested. It caused severe necrotic 
symptoms and death of inoculated leaves followed by 
occasionally systemic necrosis on tobacco leaves, U_. 
qlutinosa, pea and broad bean (Vicia faba) and systemic 
necrosis on lettuce, Centauria cyanus and spinach. It v/as 
easily sap transmissible when 0.1% thioglycolic acid was 
added to the inoculum. It was not transmitted by Myzus 
persicae but by unidentified thrips fed for 2 days on 
diseased dahlia plants and transferred to tomato, 
seedlings. The thermal inactivation point in crude sap \;as 
40-45°C for 10 min. Dilution end point 10 - 10 and 
longivity jjn vitro C. l-2h at 20-23°C. Virus particle in 
negatively stained dip preparations seemed spherical C. 
70-90 nm diam. but in most cases were collapsed and/or 
variously deformed. Ultrathin sections showed that large 
aggregates of particles develop frequently in the cytoplasm 
of infected leaf cells, consisting of a small mass of 
particles associating with enveloping vesicles. 
Dahlia mosaic virus is a DNA containing viri:s 
confirnod by Fiijisawa £t^.aj^. (1974) . They purified DMV from 
infected Verbesina encolioides by differential 
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centrifugation. ITie purified preparation had a typical 
nucleoprotein. UV absorption spectrum and consisted of 
infective particles C.45 nm diam. Thymidine-3H was 
incorporated preferentially into the virus and nucleic 
acid from the purified virus was digested completely by 
deoxyribonuclease but not at all by ribonuclease. X-bodies 
associated with the virus infection stained with 
conjugated anti cauliflower mosaic virus globulin. 
Paliwal (1975) identified a tomato spotted wilt 
virus from white clover, dahlia and tomato in Canada. All 
7 isolates examined by him had similar host reactions 4 
(investigated in detail) were similar in their 
localization in tomato leaf cells and physical properties. 
Particles (78-97 nm diam) were abundant in tomato leaf 
mesophyll, cells occurred in clusters or arrays surrounded 
by a membrane. The virus was purified by a modification of 
Best's method and a specific antiserum prepared TSWV 
appears to be weakly immunogenic as a high titre antiserum 
could not be obtained. At least 3 thrips spp. (Thrips 
tabaci, Frankliniella fusa and F. occidentalis) known as 
vectors olsewhere, occur in Canada. £. fusa efficiently 
transmitted all the isolates by T. tabaci failed to 
transmit any. 
A general note on the nature of viruses and virus 
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diseases followed by a description of 4 viruses on dahlia 
including sysmptoms, wintering, transmission and control 
was given by Martin (1976). 
Srivastava £t. a^. (1977) studied the induction of 
local and systemic resistance in Nicotiana glutinosa 
against tobacco mosaic virus by leaf extract of dahlia. 
Thoy reported that the resistance of N. glutinosa to TMV 
infection increased with the time of contact of dahlia 
extract with the host. The plants become highly resistant 
(95-98%) when inoculations were done after 4-6 h of 
treatment with extract. The local resistance induced by 
dahlia extract persisted in the treated leaves for upto 8 
days, there was 91% inhibition of lesion production. The 
inhibitory principles of the extract could move rapidly 
from treated to untreated parts of leaves. A time interval 
between application of extract and inoculation is needed 
for effective development of resistance. 
Tobacco streak virus was detected in Japan from 
symptomless dahlia plants imported from the Netherland and 
USA (Mataunami et^ . al^. 1977). 
Suematsu e;t. aj^. (1979) in Hokkaido from host range 
tests, physical properties and particle marphology 
isolated 2 viruses from dahlia plants in 1970 and 1972 and 
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identified these as tomato spotted wilt and dahlia mosaic 
viruses. 
Dahlia mosaic virus was eliminated from Dahlia 
pinnata Var. Gillian by culture of 0.2 - 1 mm meristem 
tips (Mullin and Schlegel, 1979). They also reported that 
of 102 cultures, 19 grew into planlets and 13 survived 
transplanting. Initially all 13 survivors were DMV 
negative on Verbesina encelioides, but after 10 months 3 
of them developed symptoms and were DMV positive. 
Vidalie <et^ . a2.«(1980) gave an account of symptoms 
and measures against dahlia mosaic, cucumber mosaic and 
tomato ring spot viruses, Agrobacterium tumefaciens 
Corynebacterium fascians and Erwinia chrysanthemi, and 
also their biology; and Botrytis cinerea, Entyloma 
dahliae, Rhizoctonia solani, Sclerotinia sclerotiorum and 
Vrrtici1H nm albo-atrum. 
Montgremier ^t^. a_l_. (1983) detected cucumber mosaic 
virus-1 in mother plants. Virus disease of dahlia are 
reviewed and the symptoms induced by CMV are compared with 
those of dahlia mosaic and tomato spotted wilt viruses. 
They presented a set of differential hosts and their 
symptoms for CMV. They also described symptoms on the main 
dahlia cultivars, and methods of serological diagnosis of 
virus including ELISA. 
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Ko and Chen (1982) by their light and electron 
microscopic diagnosis first of all reported DMV in 
Taiwan. 
Akius (1984) isolated dahlia and cucumber mosaic 
viruses from dahlia in his preliminary survey in Sweden, 
he found symptoms of mosaic vein banding, vein chlorosis, 
ringspot and systemic chlorosis. He isolated dahlia mosaic 
viruses transmitted to Verbesina encelioides and Zinnia 
elegans and identified serologically. Cucumber mosaic 
viruses was isolated and transmitted to Chenopodium 
amaranticolor and cucumber. 
Kobatake (1985) studied ecology and control of 
spotted wilt disease of tomato in Nara prefecture and 
reported that this disease, caused by tomato wilt virus, 
first occurred on the edge of tomato fields in early June, 
then tho number of infected plants increased rapidly 
around the earliest infected tomatoes in July. Its vector 
Thrlps secosus, accumulated heavily on the edge of the 
fields until mid June gradually spreading downwind into 
the fields. The thrips population peaked during mid late 
June, decreasing due to heavy rain during late June -
early July especially in 1978, then increasing again from 
early July especially in 1977 which was rainless at that 
time. Disease incidence was closely correlated with the 
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thrip population on tomato during July. He found infected 
Sonchus oleraceus Crepis japonica and Dahlia near infected 
tomato fields. Applicaiton of Acephate (Orthoran), an 
organic insecticide, to the soil or foliage, especially 
after mid June effectively decreased disease occurrence 
and spread. 
Tobacco streak virus was isolated from plant of CV 
Burley showing yellowing and veinal necrosis of leaves by 
Tomaru e_t. a]^. (1986). They reported that plants of 212 
spp. from 10 genera were infected by the virus. Properties 
included a thermal inactivation point 50°-55°C, dilution 
-3 -4 
end point 10 -10 and longivity in. vitro 12-24 hrs. 
Reactions were positive with TSV antisera. Virus particles 
were isometric and 27-35 nm diam. An isolate from a 
symptomless Dahlia plant was also identified as TSV. This 
is the first report of the natural occurrence and 
isolation of TSV in Japan. 
A disease on dahlia characterized by the clear 
variegation of petals, weak chlorotic leaf spot and 
stunting was noted in the garden in Torino. Bellardi 
et. al • (1986) isolated tobacco streak virus from these 
infected plants and identified from hor.t range, physical 
properties, and serology and electron microscopy. Graft 
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transmission was successful. The isolate did not infect 
tobacco. The thermal inactivation point v/as Gl-GS^C, 
-3 -4 dilution end point 10 -10 , longevity _iri vitro at room 
temperature 44 - 48 h. and at 2-3*»C, 18-20 d and in frozen 
infected tissues, several months. 
Fletcher (1988) recorded cucumber mosaic virus in 
New Zealand from Aubrieta sp.. Dahlia pinnata, Petunia 
hybrida and Zantedeschia albomaculata. 
A virus free Dahlia produced by meristem culture 
and virus is detected through DNA probes and ELISA by 
V/ang et^. a_l. (1990). Meristem propagation procedures which 
nro effective for eradicating dahlia mosaic Caulimovirus 
(DaMV) or the DaMV - Cauliflower mosaic Caulimovirus (CMV) 
complex are described. Investigations are made of the 
influence of the cultivars, the growth substance 
composition, the period of meristem excision, the origin 
of meristems (terminal or axillary buds) and the lighting 
under cultivation. With the CVs Angers, Chambord, Fatima 
and Thomas Edison the efficiency of virus elimination 
following 6 months of indexing v;as 100, 84.2, 85.8 and 
81.2% respectively. The ELISA and dot-blot hybridization 
techniques v/ere performed to detect the presence of CMV 
and DaMV in leaves, stems and tubers. The hybridization 
assays were compared with ELISA for detecting DaMV. The 
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hybrization method using either radioactively or 
non-radioactively DNA as probes for DaMV detection were 
extremely sensitive and with the adopted extraction and 
alkaline hydrolysis treatment, detection of Ipg/spot 
purified DNA, 2ng/ml purified virus and 1/10,000 dilution 
of infected plant extracts were possible. This method can be 
used as a rapid screening procedure for the virus with 
very small tissue samples. 
Tobacco mosaic virus was detected in imported 
dahlias (Dahlia variabilis) from Netherland by Reddy 
et^.al_. (1992). Of 400 tubers of D. variabilis grown in 
individual pots during quarantine in Bombay, Maharashtra, 
India, 10 plants showed symptoms of viral infection. 
Following inoculation of Nicotiana glutinosa and 
Chofiopodium amaranticolor with extract from affected 
seedling and examination of Plant tissues with EM, the 
virus was identified as tobacco mosaic tobamovirus. 
Albouy et^ .a^ .^ (1993) studied viruses of dahlia in 
France, and gave importance of viral infections in various 
cultivars. In tests with C.30 Commercial dahlia cultivars 
from various procedures in France, dahjia mosaic 
cau] imovirus, tomato spotted wilt tospovirus, sdlMunteacx, 
cucumber mosaic cucumovirus and tobacco streak ilarvirus 
were identified as the most important viruses present. 
MATERIALS AND METHODS 
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CHAPTER - 3 
MATERIAL AND METHODS 
3.1 Raising of Plants? 
For all purposes plants will be grown in clay pots 
of 4" and 6" diameter, filled with a mixture of soil and 
compost in a ratio of 2:1. The soil mixture will be steam 
sterilized by autoclaving for 1 hr. at a pressure of 20 lb 
per sq. inch. Pots will be sterilized by rinsing with 4% 
formalin solution and prepared by filling with sterilized 
soil mixture autoclaved 24 hrs. earlier and sieved before 
use. 
Seedlings will be raised in formalin sterilized 
wooden trays (18"X18"X5") containing sterilized soil 
mixture. Young seedlings of uniform size will be 
transplanted singly to clay pots of 4" and 6" diameter. 
However, plants belonging to cucurbitaceae and leguminosae 
will be raised singly by direct sowing of seeds in clay 
pots. For inoculations the plants will be used two weeks 
after transplantation. All the plants will be raised and 
kept in an insect proof glass house (20 - 30*'C & normal 
day length) and given an uniform care with respect to 
fertilizer, water and other requirements. 
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3.2 Virus Culture; 
The culture of the virus will be obtained from 
naturally infected plants shov/ing mosaic symptoms and will 
be maintained on suitable propagation host by manual sap 
inoculations. Single lesion inoculations will be attempted 
to assure a pure virus culture. Once the culture of thr? 
virus has been maintained on a suitable propagation host, 
it will be kept in active state by fresh inoculations at 
regular intervals on young propagation host plants. 
3.3 Source of Inoculum : 
Young leaves from infected propagation host plants 
will be used as source of inoculum. Inoculum will be 
prepared by macerating them in a mortar with pestle in 0.1 
M phosphate buffer pH 7.0. For each gram of leaf material 
1 ml . of phosphate buffer will be used. The macerate v/ill 
be filtered through tv/o layers of cheese cloth. The sap 
thus obtained will be used as standard inoculum. 
3.4 Method of Inoculation: 
The fully expanded leaves of a plant, to be tested 
for susceptibility to the virus will be inoculated by 
gently but firmly applying the standard inoculum with the 
help of forefinger on the upper surface of the leavoB 
24 
predusted uniformly with carborundum 500 mesh. The 
inoculated leaves will be rinsed by a gentle stream of 
water before the inoculum on the surface of the leaves 
dries up. This method will be used as an usual method of 
inoculation throughout the course of investigation. 
3.5 Host-range Studies: 
Several species of plants, belonging to different 
families will be screened for the susceptibility to the 
virus under investigation. Standard inoculum will be used 
for inoculation of all plants. At a time at least three 
plants of a species or, cultivar will be inoculated and 
the same number will be kept as a control. Plants at 5-6 
leaf stage will be used and all the fully expanded leaves 
will be inoculated. The inoculated plants wil] be observed 
daily for the development of symptoms. Time, sequence and 
the severity of the symptoms will be noted. Inoculated 
plants will be kept under observation for at least six 
weeks. The inoculated plants which will not exhibit any 
symptoms will be observed for 8 weeks. Back inoculations 
to a susceptible test plant will be made from all the 
inoculated plants. 
3.6 Transmission Studies; 
Attempts will be made to find out the vector/s of 
the virus in the field. Experimental transmission using 
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aphids, nematodes and dodder (Cuscuta spp.) will be 
studied. Seed transmission and graft transmission will 
also be studied. 
3.6.1 Transmission by Aphids; 
Adult aphids if found transmitting the disease 
during preliminary investigation will be used to study 
vector-virus relationship (non-persistent, persistent or 
semi-persistent). 
Raising of Virus Free Aphids: 
Colonies of virus free aphids will be raised on 
suitable host plant in cages having wooden frames. The 
top and the two sides of the cage will be closed by glass 
and the remaining sides will be closed by wire gauze. A 
fluorescent tube will be fixed in the cage to provide 
artificial light to the plants and to keep the aphids 
under long day conditions to get the apterons (wingless) 
aphids. The plants will be kept on a zinc tray and the 
bottom of the tray will be covered with a layer of wet 
sand to prevent the passing of the aphids through chinks 
between the tray and the rim of the cage. Each new colony 
of the aphids will be started by placing about 10 aphids 
on fresh plant. Viviparous adults will be starved for 
about 8 hrs. at room temperature in a petridish and then 
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feeding access of 24 hrs. The plants will be covered with 
lantern chimney having its top covered with muslin cloth 
to avoid aphids from escaping. The aphids, after the end 
of the inoculation feeding will be killed by spraying an 
Insecticide. The test plants will be kept in an insect 
proof glass house to observe the development of symptoms. 
Persistent; 
1. Acquisition access period 25 Hrs. 
2. Inoculation access period 48 Hrs. 
3. Number of aphids per plant 10 
The virus-free aphids, without subjecting them to 
starvation will be allowed 24 hrs. acquisition access 
period on diseased leaves placed on a moist filter paper 
in a petridish. After the completion of acquisition 
feeding, 10 aphids will be transferred to each test plant 
where they will be given an inoculation feeding period of 
48 hrs. Aphids will then be killed by spraying an 
insecticide. The test plants will be kept in an insect 
proof glass house to observe the development of symptoms. 
Rack inoculations from the plants of which aphids v/ere 
given inoculation feedings will be made on an appropriate 
diagnostic host plant. 
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placed upon a detached leaf of appropriate healthy host 
plant in a petridish. The atmosphere inside the petridish 
will be made humid by covering the inner surface of the 
petridish with wet filter paper. Newly-born nymphs will be 
transferred to a fresh and healthy plant. The aphid 
colonies thus developed will be used as colonies of virus 
free aphids. The plant to plant transfer of the aphids 
will be done with the help of moistened tip of camel's 
hair brush type A, No. 1. 
Mode of Transmission; 
To establish the mode of transmission following 
procedure will be adopted: 
Non-persistent; 
1. Pre-acquisition starvation period 4-8 hrs. 
2. Acquisition access period 1-2 Hrs. 
3. Inoculation access period 24 Hrs. 
4. Number of aphids per plant 10 
Virus-free aphids will be first starved for 4-8 
hrs. in a glass vial before an acquisition access feeding 
of 1-2 minute on the detached leaf of the diseased plant 
placed on moist filter paper in a petridish. After 
nrquisition feodling, 10 aphids will bo transferred to 
each healthy seedling of test plants for an inoculation 
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feeding access of 24 hrs. The plants will be covered 
with lantern chimney having its top covered with 
muslin cloth to avoid aphids from escaping. The aphids, 
aftG the end of the incoluation feeding will be 
killed by spraying an insecticide. The test plants wil] 
be kept in an insect proff glass house to observe the 
development of symptoms. 
Persistent : 
1. Acquisition access period 24 hrs. 
2. Inoculatin access period 48 Hrs. 
3. Mumbor of aphids per plant 10 
The virus-free aphids, without subjocting them to 
starvation will be allowed 24 hrs. acquisition access 
period on diseased leaves placed on a moist filter papfer 
in a petridish. After the completion of acquisitin 
feeding, 10 aphids will be transferred to each test plant 
v/here they will be given an inoculation feeding period of 
48 hrs. Aphids will then be killed by spraying 
an insecticide. The test plants will be kept in an insect 
proof glass house to observe the development of 
symptoms. Back inoculations from the plants on which 
aphids were given inoculation feedings will be 
made on an appropriate diagnostic host plant. 
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3.6.2 Transmission by White flies; 
White flies (Aleyrodidae) are the vectors of 
several important virus-like agents prevalent in hot 
countries. They mainly feed on phloem, tissue, and because 
their larval stages are sedantry and there is no evidence 
of transovarial transmission, only adults spread these 
virus-like agents in the field. 
Source of Virus-free White flies; 
White flies collected from the field will be caged 
on a healthy plant for egg laying. After 10 days the 
adults will be removed from the cage. Nev/ whitefly adults 
developing after 7-8 days (in summer) would be further 
multiplied. Insect colonies so raised will be virus free 
and would be used for transmission studies. 
Handling of White flies; 
Different procedures of caging and transferring 
single white fly adult have been used in investigation of 
plant virus-vector relationship. However, a simple, rapid 
and safe technique, developed by Rathi and Nene (1974) for 
handling and transferring single whitefly adult is most 
suitable. 
Transmission; 
Since the whitefly adults are positively 
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phototropic their handling during serial transmission will 
be done near a window. Young leaves of source plant will 
be introduced in the transmission cage by pushing the stem 
through the rectangular slit at the mouth of the cage. 
With the help of modelling clay the rectangular portion 
will be sealed later. Two iron pegs and a rubber will bo 
used for holding the cage in a position. VJhen the plant 
will secure this position, the starved whitefly adults, 
collected in a cage of same size (13X11 cm.) will be 
released into it and cap will be screwed on. A dark 
coloured cloth will be wrapped round the cage containing 
hho whitefly adults to force them to move towards tho 
desired portion of the plant which will be kept under 
light. After a desired acquisition feeding period, the 
adults will be recollected in the original cage. From this 
cage single adult will be collected in aspirator by gently 
removing the lid and will be released to the smaller cage 
( 6 X 6 cm) through the hole which will be sealed with 
modelling clay. Similarly the other viruliferous adults 
will be released individually on the test plants. 
3.6.3 Graft Transmission; 
Attempts will be made for wedge grafting. Infected 
scions will bo grafted on healthy stock and kept under 
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appropriate light and humidity conditions to allow 
successful union which is necessary for transmission. 
3.6.4 Dodder Transmission; 
Seeds of dodder (Cuscuta reflexa) will be 
cjerminated on moist filter paper placed in petriplates and 
then transferred in 12" clay pots, sterilized with 
formalin (4%) and containing sterilized soil mixture. 
After germination, the plants will bo trained on a 
suitable host plant susceptible to the virus being 
studied, and the host plant (on v/hich the dodder is being 
trained) will be inoculated after one week. When the 
dodder has been established on inoculated plant, a healthy 
test plant in another pot will be placed near the pot 
(having inoculated plant with dodder established on it) 
and the tips of the branches of the dodder will be placed 
on the healthy test plant or, the branches of the dodder 
\/ill be detached, placed in the axil of the healthy test 
plant and allowed to establish there. The plants thus 
inoculated will be observed for the development of 
symptoms, if any, for about six weeks. Back inoculation 
will be made on local lesion host to confirm the presence 
of virus. 
3.6.5 Transmission by Nematodes; 
Nematodes from the soil smaples collected from the 
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field of naturally infected crop will be isolated 
following the conventional decanting and sieving procedure 
(Cobb, 1918). 
To assure whether the nematode isolated from soil 
samples carry virus or not, the following two tests v/J 1 ] 
be done : 
(a) A drop of concentrated nematode suspension on a 
glass slide will be macerated with a glass spatula 
and inoculated on the leaves of local lesion 
host. 
(b) Nematode suspension will be poured around the roots 
of the test plants. These nematode inoculated test 
plants will be kept for about two months to observe 
the development of symptoms. 
Search for Nematode Vector; 
Species of Longidorus, Trichodorus and Xiphinema, 
known as the vectors of some of the plant viruses will be 
isolated form the soil samples using Cobb's method (Cobb, 
1918). Varying numbers of such isolated nematodes will bo 
poured around the healthy test plants. Nematode inoculated 
plants will be observed daily for the development of 
symptoms. 
33 
Similarly, varying number of nematodes will be 
poured around the roots of virus infected plants 
(mochnnirally inoculated) in the glass housp. After an 
acquisition feeding (15 days), infected plants will be 
uprooted and healthy plants will be planted in the same 
pots. Such plants will be observed for the development of 
symptoms. Back inoculations form all nematode inoculated 
plants (using shoot and root separately) will be made on a 
local lession host. 
In case of positive observations the studies will 
bo extended to identify the specific nematode species 
acting as vectors and its relationship with the virus 
under investigation. 
3.6.6 Transmission Trough Seeds; 
Seeds will be collected from the mechanically 
inoculated plants. After drying the seeds, they will be 
sown in a wooden tray containing sterilized soil mixture. 
The seeds germinating will be counted. The number of 
healthy and diseased plants, if any, in a tray v/ill be 
counted. To compare their percentage germination, the 
<^ amo number of seeds from the healthy plants will also ho 
treated in the same v/ay. 
Seed transmissible nature of the virus under 
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investigation will be tested by employing the following 
mthods: 
(a) By macerating the seeds from diseased plants in 
0.1 M phosphate buffer p 7.0, giving the macerate 
a low speed centrifugation and inoculating the sap 
thus obtained on the local lesion host. 
(b) By keeping the plants, developed from the seeds 
collected from diseased plants under insect proof 
glass house for about 1 month to observe the 
development of symptoms. 
(c) By inoculating sap obtained from the young 
seedlings developed from seeds collected from 
diseased plants on local lesion host. 
3.7 Effect of Various Buffers at Different pH Levels; 
Several buffers (phosphate, borate, citrate, 
acetate, glycine-NaOH and Tris-HCl) with different p and 
molarities will be tested as extraction medium to find out 
the most suitable one in v/hich virus infectivity is 
retained most. 
Young leaves of infected plants inoculated 8-10 
days earlier will be macerated in a mortar with pestle 
using a buffer (any of the above mentioned) as extraction 
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medium. In each case the homo9enate will be filtered 
through two layers of cheese cloth. Three young test 
plants will be inoculated manually in each case, using 
carborundum 500 mesh as an abrasive. The leaves will be 
rinsed by a gentle stream of water, immediately after the 
inoculation. Local lesions developed on the inoculated 
leaves \/ill be counted after one week. 
3.8 Concentration of Virus in Different Parts of the 
Plant; 
The plants inoculated, 10-15 days earlier will be 
uprooted carefully and washed. The plants will be pincod 
on blotting paper and dried. The root, shoot and leaf 
tissues will be cut in to pieces separately. Equal amounts 
of root, shoot and leaf tissues will bo homogenized 
separately in a mortar with postle, adding 0.1 M phosphate 
tj 
buffer p 7.0 Each homogenate will be filtered through two 
layers of cheese cloth and three plants will be inoculated 
with each sample. The inoculation will be done manually 
using carborundum 500 mesh as an abrasive. The leaves v/ill 
be rinsed ,with a gentle stream of water soon after 
inoculation. The local lesion developed on the test plant 
\/ill be counted after 8-10 days. 
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3.9 Maximum Concentration of the Virus in Plant Sap; 
A batch of 50 plants of healthy propagation host of 
the same age and size will be selected and two lower most 
leaves of each plant will be inoculated manualy by the sap 
obtained from diseased leaves by macerating them in a 
mortar with pestle and by filtering the macerate through 
fc\/o layers of cheese cloth. Carborundum 500 mesh will be 
used as an abrasive and the leaves of the plants will be 
washed with a gentle stream of water soon after 
inoculation. After every two days, two plants wil] be 
selected randomly and uninoculated young leaves will be 
taken from the plants. The loaves will be homogenized in a 
mortar with a pestle adding 0.1 M phosphate buffer p 7.0. 
For each gram of the leaf tissue 1 ml. of the buffer will 
bo used. The macerate will be filtered through two layers 
of the cheese cloth, and the sap thus obtained will bo 
used in the inoculation of three test plants. The 
inoculation will be done manually using carborundum 500 
mesh as an abrasive. The plants will be rinsed by a gentle 
stream of water immediately after inoculation. The plants 
will be observed daily for developing the local lesions. 
The local lesion developed on the leaves will be counted. 
3.10 Biophysical Properties: 
The dilution end point, thermal inactivation point 
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and longevity _iri vitro of the virus under investigation 
will be tested by the method detailed by Noordam (1973). 
3.10.1 Thermal Inactivation Point: 
The sap will be obtained by macerating the young 
infected leaves of propagation host in a suitable buffer, 
inoculated 8-10 days earlier, in a mortar with pestle. The 
niacerate will be filtered through two layers of cheese 
cloth. The sap thus obtained will be divided into 10 
aliquots of 5 ml. each and kept in thin walled glass 
tubes. The tubes will be held in a water bath in such a 
v/ay that the sap level wi1 bo slightly below the level of 
water in the bath. The different aliquots will be heated 
nt- 40, 45, 50, 55, 95 °C for ton minutes and 
cooled under running tap water, immediately after the 
treatment. Each heated aliquot will be inoculated to three 
tost plants, and local lesion developed on the leaves will 
be counted after 5-6 days. One aliquot which will not be 
heated, will also be inoculated to three test plants, to 
compare the local lesion produced with other aliquots. 
3.10.2 Dilution End-Point; 
Young leaves of propagation host inoculated 8-10 
days earlier will be crushed in a mortar with pestle and 
the sap will be obtained by squeezing the macerate 
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through two layers of cheese cloth. Ten fold dilutions 
(10~^, 10"^, 10"^, 10"*, 10"^, 10"^, 10"'', 10"^ and lO"^) 
v/ill be made of the sap by addition of double distilled 
H 
water or phosphate buffer 0.1 M, p 7.0. From each 
dilution three test plants will be inoculated manually 
using carborundum 500 mesh as an abrasive. The leaves of 
the plants will be washed by a gentle stream of water 
immediately after inoculation. Local lesion developed on 
the leaves of the test plants will be counted after 5-6 
days. In this way the dilution at which virus loses its 
infectivity will be determined. 
3.10.3 Longevity in vitro; 
Young leaves of propagation host inoculated 8-10 
days earlier will be homogenized in a mortar with pestle 
and the sap will be expressed by filtering the pulp 
through two layers of cheese cloth. Two aliquots of the 
sap will be made and one of th^m will be stored at 10 °C 
while another at room tenprature (20-25 °C). Test plants 
of the same age, leaf number and area will be selected and 
3 test plants will be inoculated by taking a small amount 
of the sap from each aliquot at 6 hour intervals up to 
several days. Inoculation will be made manually using 
carborundum 500 mesh as an abrasive and the leaves of the 
plants will be washed by a gentle stream of water soon 
after inoculation. Local lesions developed on the 
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inoculated leaves of test plants will be counted for each 
interval and the time after which the virus loses its 
infectivity will be recorded. 
3.11 Effect of pH; 
Young leaves of propagation host inoculated 8-10 
days earlier will be crushed in a mortar with a pestle and 
the macerate v/ill be squeezed through two layers of cheese 
cloth. The sap thus obtained will be divided into eleven 
equal aliquots. The p of the sap will be adjusted to 4.0, 
4.5, 5.0, 5.5 8.5 and 9.0 by the addition of 
0.1 M solution of acetic acid or NaOH, as required. Thirty 
throe test plants of the same age, size, loaf number and 
lonf area will bo inoculated manually using cnrboriindum 
500 mesh as an abrasive. The plants will be washed with a 
gontlo stream of water, soon after the inoculation. Local 
lesions developed on the leaves of test plants will bo 
counted after 5-6 days. 
3.12 Effect of Various Additives on Virus Infectivity; 
Sodium sulphite, DIECA, EDTA, sodium thioglycolato 
and mercaptoethanol are the various additives that wil1 bo 
tested to find out whether their addition to the 
extraction medium results in an increase of virus 
infectivity. If so, the most suitable additive will be 
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selected and routinely added to the medium for virus 
extraction. 
3.13 Purification; 
Attempts will be made to purify the virus under 
investigation. 
3.13.1 Clarification of Sap; 
Young infected leaves of the propagation host will 
be macerated in a suitable extraction medium in a mortar 
with pestle. The macerate thus obtained will be passed 
through two layers of cheese cloth and the sap thus 
obtained will be given a low speed certifugation at 
5,000 g for 10 minutes. The supernatant will be subjected 
to various clarification procedures. 
(a) Celite and Charcoal: 
Celite and activated charcoal will be mixed 
with sap at the rate of 5 g per 100 ml., either 
separately or in combination. In combination, 5 g 
of activated charcoal will be mixed with 100 ml of 
sap after 1/2 minute stirring 5 g of celite will be 
added. Shaking will be continued for another half 
minute. The absorbent will be removed by the 
following method (Steere, 1964). 
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(i) centrifugation at 2000 rpm for 5 minute or, 
(ii) Filtration through Buchner's funnel supported 
by a 2-3 mm thick celite pad and Whatman 
filter paper No. 1 or, 
(iii)Filteration through a filter paper (VJhatnan 
filter paper No. 1) only in a Buchner 
funnel). 
(b) Organic Solvents; 
Organic solvents (e.g. carbon tetrachloride, 
chloroform, ethyl alcohol, butanol and diethyl 
ether) either separately or in combination (e.g. 
Chloroform-butanol ) will be used in two ways to 
remove the extraneous plant material from the 
infected tissue. 
(i) By macerating the tissue alongwith a mixture 
of suitable buffer and organic solvents, 
or, 
(ii) By adding requisite amount of solvent in crude 
sap obtaining after macerating the infected 
tissue in buffer and filtering through two 
layers of cheese cloth. 
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(c) Calcium Phosphate Gel; 
Calcium phosphate gel will be prepared by mix-
ing 0.1 M sodium dibasic hydrogen phosphate 
(Na_HPO..2H_0) and 0.1 M calcium chloride (CaCl_) 
z 4 2 I 
in equal volume. The mixture after continuous 
stirring for 15 minutes, will be allowed to settle. 
The gel will be washed with double distilled water 
at least ten times to remove excess of chloride ion 
(Cl ) and finally equilibrated with phosphate 
buffer (p 7.0/ 0.1 M ) . Such freshly prepared gel 
will be mixed with standard inoculum/ stirred 
vigorously and centrifuged for 5 minutes at 
5000 g. The clear supernatant will be assayed for 
virus infectivity on a local lesion host. 
Out of the clarification methods mentioned above, 
the most suitable one will be standardized to be used as 
clarification method in the purification of the virus 
being studied. 
3.13.2 Concentration of the Virus: 
Infectious sap obtained after clarification 
treatment as mentioned above will be used for 
concentration of virus being studied by any of tho 
following methods : 
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(a) Differential Centrifugation; 
Ultracentrif ugation will be done in model L3-50 
Beckman preparative ultracentrifuge using rotor type 50. 
Normally, high speed cen*-ri f ugat ic^ wil' i 
97,000 g unless otherwise stated. The pellet, thus 
obtained will be dissolved in a suitable buffer. Low speed 
centrifugation will be performed at 10,000 g in a Remi. 
T-24 centrifuge, the number of cycles and the time of 
centrifugation at different rpm will be worked out keeping 
in view the stability of the virus and its sedimentation. 
Tnfectivity of different samples in supernatant and the 
pollet will bo assayed on loral lesion assny honh. 
(b) Precipitation; 
1. Polythylene glycol (PEG); 
Polyethylene glycol 6000 riv? will bo used for 
precipitating the virus in clarified sap. 
Precipitaiton of the virus will be tried \;ith 2, 4, 
6, 8, 10 and 12 percent PEG separately. In every 
case, the variation in salt (NaCl) concentration 
and its impact on precipitation of the virus will 
bo standardized. After the addition of requisite 
quantity of PEG and NaCl to the clarified sap, thr> 
mixture will be stirred on a magnetic stirrer till 
both (PEG and NaCl) are dissolved completely and 
44 
kept in a refrigerator at 4 °C to 8 °C for 6 hrs. 
to allow complete precipitation. 
2. Aimnoium sulphate; 
Different quantities (10-14%) of ammonium 
sulphate (NH.)2SO. (W/V) will be added to clarified 
sap (1/1). The mixture will be stirred at 84^ 2 °C in 
an ice bucket till the ammonium sulphate crystals 
are dissolved completely. The mixture will then be 
incubated at 4jfl °C for 2h and centrifuged at 
5000 g for 15 min. to collect the precipitate. 
The pellet obtained by PEG and ammonium sulphate 
precipitation will be dissolved separately in a suitable 
buffer and recentrif uged at 5000 g for 5 minutes. 
Supernatant thus obtained will be assayed on local lesion 
host. 
3.13.3 Further Purification by Density Gradient Centri-
fugation: 
The virus samples obtained by the methods detailed 
above will be subjected to further purification nsin(j 
density gradient centrifugation (Brakke, 1951, 1960). 
Linear sucrose gradient columns will be prepared by 
layering 7, 7, 7 and 4 ml of 0.1 M phosphate buffer p 7.0 
having 400, 300, 200 and 100 mg sucrose per ml 
respectively in a 1 X 3" tube. The sucrose solutions of 
different concentrations will be layered using a pipette 
with a broad orifice. The heaviest solution will be layred 
first and solutions of decreasing concentration wi ] 1 1 
layered on the top of each other, the columns will be used 
after a storage of 24 hrs. in a refrigerator. Usually 2 ml 
of the virus preparation will be floated on the top of the 
column and the column will be centrifuged immediately 
after floating the virus preparation to avoid droplet 
sedimentation. The columns will be centrifuged in SVJ-25.1 
rotor in L3-50 preparative ultracentJfuge. The 
acceleration upto a few hundred rpm will be made 
J. 
gradually. The tubes will be centrifuged for 2^ to 4h. 
After centrifugation the tubes will be examined in a dark 
room by projecting a beam of light dov/n the tube from the 
top. The virus zone scattering the light will be removed 
from the tube by 20 guaze 10 cm long needle bent twice at 
right angles and attached to hypodermic syringe. 
3.14 UV-Spectrophotometry; 
Virus preparation will be examined in a Beckman 
nu-2 model ultraviolet absorption spectrophotometer to 
evaluate the different methods of purification and to 
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ascertain the purity of isolated virus. 
Ultraviolet radiations are absorbed in a 
characteristic manner by the virus (nucleoprotein) 
containing solutions. Absorbance of samples will be 
studied in UV-range (230-320 nm) and graphs will be 
plotted. Values of A / • i » non /ten j » o/rn / i o n - i l 
•^  max/min' A-280/260 and A-260/280 .will 
be calculated to know the approximate percentage of 
nucleic acid. 
3.15 Electron Microscopy; 
Shape and size of virus particles will be studied 
in transmission electron microscope. 
3.15.1 Leaf Dip Method; 
For leaf dip preparations, the method of Brandos 
(1964) will be followed. One drop each of 2% potassium 
phosphotungstate (PTA) and uranyl acetate v/ill be placed 
separately on several fornvar coated copper grids having 
carbon backing. The freshly cut ends of infected leaves 
will be dipped in the drop for 2-4 seconds. Such grids 
will be allowed to dry for sometime and there after 
examined under electron microsope at various 
magnifications. 
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3.15.2 Procedure with Purified Virus Preparations: 
A small droplet of purified virus preparations will 
bo placed on formvar coated copper grids having carbon 
backing, then a small drop of suitable stain (either PTA 
or, uranyl acetate) will be added to the virus suspension. 
The excess fluid will be absorbed with a small piece of 
filter paper leaving a very thin film of fluid on the 
grids, which will be left to dry at room temperature. Such 
grids will be examined under electron microscope. 
3.16 Serology; 
3.16.1 Raising of Antisera; 
Young healthy rabbits, approximately 3 lbs. in 
weight will be used for the production of antisera. The 
purified or partially purified virus preparation will be 
used as antigen. 
In view of the effect of route of injection on the 
formation of antibodies as well as titre of the antiserum, 
it is proposed to assess the effect of intravenous or 
intramuscular or a combination of both types of injections 
on the antiserum titre. 
Antigens will be adminsitered intravenously through 
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the marginal ear vein of the rabbit using a clinical 
syringe with a fine needle. Five to seven weekly 
injections of virus preparations of 2 ml each will bo 
adminisitered intravenously. For the intramuscular 
injections, antigen (virus preparation) will be emulsified 
with an equal voluem of Frennd's incomplete adjuvant. Two 
injections of the virus-adjuvant mixture of 3 ml each at 
an interval of 2 v/eeks will be administered 
intramuscularly in thigh of the same rabbit which has been 
given intravenous injection of antigen. Test bleeding v/ill 
be made several times from the ear of the rabbit at 
different Intervals after the administeration of last 
Intramuscular injections to check the antibody titre in 
the serum. After the titro has reached its maximum, the 
immunized rabbit will be finally bled by giving a sharp 
incision on the marginal vein of the ear, which has not 
been used for injecting the antigen. About 10-15 ml of the 
blood v;ill be collected and allov/ed to clot at room 
temperature (20 - 25oc) for 2h and kept overnight in a 
refrigerator. Serum containing antibodies (antiserum) wil] 
thereafter be separated and centrifuged at 1000 rpm for 5 
minutes to remove fibrin, blood cells etc. The straw 
yellow coloured antiserum will be collectd and stored for 
serological studies. 
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To identify the virus under investigation up to 
group or strain level, the ouchterlony's double diffusion 
test (ouchterlony, 1962) will be performed. 
3.16.2 Ouchterlony Double Diffusion Test; 
One percent of agar will be prepared in 0.85 I 
saline containing 0.1-0.2% sodium azide. Suitabie amount <>I 
agar will be poured into sterilized petridishes so as to 
get a 2-3 mm thick agar bed. Using a cork borer of 5 mm 
diameter, wells will be made into the agar and the cut 
portions of the agar will be removed by aspiration. The 
distance between two adjacent wells will be kept 5 mm. The 
central well will be filled with antiserum and the 
remaining wells will be filled with various dilutions of 
antigen made in physiological saline (0.85% NaCl 
solution) and the clarified sap from healthy plant. Such 
treated petridishes will be incubated at room temperature 
and observed for the formation of precipitin lines. 
3.17 Isolation of Nucleic Acid; 
Nucleic acid of the virions wi]l be isolated using 
the phenol detergent method. To a 2.5 ml of purified virus 
preparation will be added 0.05 ml of 6% sodium dodecyl 
sulphate and 2.6 ml of water saturated phenol. The phenol 
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used will be redistilled and stored at 10 °C after adding 
distilled water. The mixture will be stirred in a glass 
tube on a magnetic stirrer for 10 minutes and fh^n 
contrif u>.;L-'d for 5 minutos at 30Uf' vum ; c: 
centrifuge. The mixture will separate into two layers, the 
upper aqueous layer and the lower phenol layer containing 
sodium dodecyl sulphate. The top aqueous layer will be 
drawn off with a pipette. To the lower layer or phase 2.5 
ml of 0.1 M phosphate buffer p 7.0 will be added and 
stirred for 10 minutes and then centrifuged for 5 minutes 
at 3000 rpm. The aqueous phase will be drawn off and 
pooled together with the aqueous phase obtained at 
previous step and stirred for 10 minutes with an equal 
volume of phenol followed by centrifugation. The aqueous 
phase will be extracted once more with half the volume of 
phenol. Traces of phenol will be removed from the aqueous 
phase by extraction with ether. The nucleic acid will be 
precipitated by the addition of 2 ml of ice-cold ethanol 
to the solution. The precipitate will be pelleted out by 
centrifugation for 15 minutes at 7500 rpm. The pellet v/il] 
be suspended in 0.1 M phsophate buffer p 7.0 and 
centrifuged for 15 minutes at 10000 rpm to remove any 
insoluble material present in the preparation and the 
supernatant thus obtained will be tested for infectivity 
and type of nucleic acid (DNA or RNA). 
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3.17.1 Infectivity of Viral Nucleic Acid; 
Infectivity of viral nucleic acid will be assessed 
by inoculating the nucleic acid preparation on the local 
lesion host. Several dilutions of nucleic acid preparation 
will be made and inoculated on the local lesion host plant 
and the number of local lesions developed v;ill be compared 
with the corrsponding dilution of virus prepara-
tion. 
3.17.2 Type of Nucleic Acid; 
It is well known that RMA and DNA differ in their 
chemical composition with respect to the base and sugar 
involved in their composition. RNA contains ribose sugar 
and uracil base(other three bases being adenine, guanine 
and cytosine) while DNA contains deoxyribose sugar and 
thymine base (other three bases being the same as in 
RNA) . 
Thus, test will be performed to study the type of 
sugar. Diphenylamine test for deoxyribose or, orcinol 
tost for ribose sugar will be used for ascertaining 
the type of nucleic acid in virus under investiga-
tion. 
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3.17.3 Percentage of Nucleic Acid; 
An approximate percentage of nucleic acid in virion 
will be worked out based on the UV-absorption spectrum of 
the purified preparation. The value of the ratio between 
A-280/260 will be used for determining an approximate 
percentage of nucleic acid in the virus particles. 
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